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Lives Moon's 
Month. Day. lost,. age. 

~ -- -. - - -- 

Sa t ..... 16 ........ 1 

do ...... 14 ........ 8 
do ...... 15 20 5 
d o .  ............. 2.3 ........ 

.do ...... , ........ 1 
do ...... 10 ........ 22 

bug ..... 2i 15 0 
Se t ..... 28 ........ 25 

Aug ...... 16 ........ 2; 
Se t ..... 1 ........ 0 

Oct ............................. 
Aug ...... -16 ........ 23 

do ...... 24 ........ 16 
do ...... 24 ........ 21 
do ...... 27 ........ 11 

Sept ..... 7 ........ 14 
Aug ...... 19 ........ 3 
Se t ..... 28 2 16 

Aug ...... 27 ........ 3 
Oct ...... 11 ........ 29 
Aug ...... 06 21 14 

do ...... 5-7 2 , m  14 
Oct ...... 13 25 2 

j Sept ..... 5 ........ 2i 

8' ...... 16 ........ B 

do ..... 2 ........ 12 

$0 ...... 2i 200 10 

80 ...... 16 ........ as 

80 ...... 11 ........ 13 

~ 

To give some idea of the frequency of tropical hurricanes 
a table is attached giving dates of all that  have occurred on 
the coast of South Carolina for two centuries. 

Hwmkanee ow tha wad of South Carolina. 

The above table gives the dates of all tropical hurricanes 
that have visited the coast of South Carolina during the last 
two centuries of which record can be found. Where loss of 
life on land is mentioned, the estimated number ie given. 
The moon's age a t  each date is also shown, to indicate whether 
the hurricane occurred nearest the time of spring or neap 
tides. Of 29 in all, 16 fell nearest to the spring tides, and 11 
the neap. 
REPORT ON THE TORNADOES OF MAY 25 IN THE STATE 

OF MICHIaAN, 
By NORMAN B. CONGER, Inapector, Weather Bureau (dated Detroit. June 2,lSN). 

The data for this report is gathered from all reliable, avail- 
able sources, but the most reliable data is contained in the 
report of the conmiittee on cyclone damages appointed by 
Governor John T. Rich to ascertain the total damages and 
the amount of relief necessary in the district covered by the 
tornado. The report of this committee covers the counties of 
Oakland and Lapeer only, and it is in this district that the 
majority of the damage occurred, a d  where the tornado was 
most severe. That  report covers the path of the storm so 
fully that  it will not be necessary to  repeat it. Reports were 
also received from the postniasters a t  Dryden, Utica, Ama- 
dore, Fostoria, Otisville, Oakwood, Ortonville, Otterlake, 
Metamora, Thomas, and one by Mr. Alexander G. Burns, of 
this office, who made personal inspection of the track of the 
storm that  passed over Walkerville, Canada, just across the 
river from Detroit. 

I made a personal visit the day after the st0r.n to Thomas 
(Oakland County) to observe the action of the tornado and 
to follow its path for a short distance and observe its charac- 
teristics. The greatest damages were observed a t  Ortonville, 
Oakwood, and Thomas, in the northeast corner of the countmy. 

I have made a careful study of the path of the storm a t  
Thomas, Oakland County, and inclose a sketch, Chart No. 1911, 
drawn by Mr. E. F. Hulbert, showing the manner in which 
the storm distributed the debris. 

The path of the storm was distinctly marked a t  Thomas. 
The south side of the storiii showed all the trees, houses, and 
fences thrown to the northeast, while in the center of the 
path, which was probably an  eighth of a mile in width a t  this 
point, the debris was laid to the east. The fence rails were 
laid due east and west, and all were laid out as carefully as 

though placed there by the hand of man. No two rails were 
laid one on another. On the north side, where the distinct 
path WBE of the same width as the center, the houses and 
debris mere all turned to the south or southwest, with 6ome 
few pieces lying to the west. From conversation with those 
who had visited the whole district, I learned that the same 
characteristics were observed throughout the length of the 
path. It was noticed in the center of the path that the grass 
was pounded down into the earth as though i t  had been washed 
into the earth by a heavy flow of water. The small trees 011 

the south side of the path were stripped of their bark, even 
to the twigs, as though done by the careful hand of an esper- 
ienced artisan. On one side of the road which runs north, a t  
Thomas, the house of Mr. Kidder was carried bodily for about 
300 feet, aud then smashed into the earth, thecontents of the 
house scattered beyond finding, while across the road, some 
600 feet to the north, the frame house of Mr. Copland was 
taken free from the stone foundation, a d  the debris were 
found from 2 to 10 miles farther east-northeast. All that 
was left of his house was R square piano, which was standing 
on its side sonie 300 feet directly iiorth of the foundations of 
the house, one encl being pounded full of grass. One pecu- 
liarity of the freaks of this storm was the unroofing of the 
post oflice a t  Thomas, leaving only the lower story standing, 
and in the window was still displayed the weather forecast 
card of the day : " Severe local thunderstorms this afternoon 
and to-night ; showers followed by fair, Tuesday." The fore- 
cast had been terribly fulfilled in this section. 

Tornadoes occurred, or windstorms were reported, a t  about 
6 11. in., local time, and a t  about 20 localities in the follow- 
ing counties, a6 represented on the map : Montcalni, Kal- 
kaska, Midland, Bay, Tuscola, Genesee, Lapeer, Oakland, 
Macomb, 8t. Clair, Sanilac, and Wayne, the most damage 
occurring in the counties of Oakland, Lapeer, and Genesee, 
in the order named. That in Kalkaska County simply cut a 
path through the woods, and did not touch any houses. 

The report of the damages from the storm a t  Mr. Cleniens', 
MacomL County, has not been received, I N  t the storm was 
quitt. severe there, and 2 lives were lost. 

The reports from all sources indicate that  there were 45 
lives lost, about 100 persons injured more or less severely, and 
about $400,000 in damages to houses, barns, etc. The report 
of the coinmittee gives also the amount of damage to crops, 
orchards, and fences in Lapeer and Oakland counties only. 

KITE EXPERIMENTS AT THE WEATHER BTJREBU. 
By C. F. YaRvm, Professor of Meteorology, U. S. Weather Bureau. 

[Continued from April REVIEW.] 

IN the April REVIEW the manner of using steel wire for the 
kite line was described and the results of experiments given, 
showing the strength and the best arrangement of the wire, 
splices, string, and other members composing the kite line. 
The means employed for determining accurately the length 
of wire unwound from the reel in any case were also given. 
lye will nest consider the action of the forces on kites and 
the form and construction of those with which experiments 
were made a t  the Weather Bureau. 

C~enerul rtwiaLrl;s O I L  single plane nitd cellular kites.-Before 
the writer began work upon the kite problem many efforts 
had been made to reach great elevations with kites of the 
Malay type, the construction of which has already been de- 
scribed. It was often found that  these kites would not con- 
tinue to behave properly hour after hour. When several 
kites were flying in tandem they would fly very nicely for a 
time, but a strong gust of wind or the continued action of 
moderate winds would cause some derangement in  one or 
more of the kites. This would mar the success of the esperi- 
iiient, if i t  did not bring about some worse result. The real 
cause of such difficulties was not fully understood a t  that 
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time. Subsequent experience with other forms of kites has 
shown how some of the difficulties might have been avoided. 
The general conclusion, however, is that single-plane kites are 
believed to be less reliable than kites of the cellular type. The 
latter are necessarily heavier in construction, but the several 
snstaining surfaces seem to be disposed in a manner to actmith 
greater efficiency. The cellular or multi-plane kites are also 
far steadier than single-plane kites, and we believe that  they are 
better adapted than the latter to maintain their equilibrium 
under great variations of wind force. On  the other hand, 
the single-plane kites, on account of their lightness per unit 
area, are probably superior to the cellular kites in light winds. 
Single-plane kites generally prove to be steadier when the 
covering is fitted loosely, so that  i t  bellies backward with the 
wind pressure. This looseness, however, is objectionable, for 
the reason that  i t  is dificult to make the two halves of tlie 
kite perfectly symmetrical. The covering, which is gmerally 
of cloth, is likely to stretch unevenly with exposure to winds. 
The kite thereby becomes unsymmetrical, even while in the 
air, and begins to hehave hndly. Probably no greater source 
of difficulty with singlr-plane kites exists than the uneven 
stretching and flexure of the material of the kite. The sym- 
metry of the kite is thus impaired. The ill effects of uneven 
stretching are greatly aggravated in kites in which tlie cloth 
is necessarily cut on the bias, as is noticeably the case in 
kites of the Malay type. Moreover, a nicer condition of sym- 
metry is necessary in the less stable single-plane kites than 
in the more stable, steady, cellular forms. I n  these latter, 
too, the stretched surfaces of covering material are, aa a rule, 
rectangular in form. Stretching, therefore, is apt  to take 
place in a symmetrical manner and is then attended with 
little or no ill effect. 

From such considerations as these, and the promising re- 
sults of a few preliminary experiments with a Hargrave kite, 
the writer was led to adopt the cellular type of kite for fur- 
ther development. He still hopes to be able to determine 
numerically the efficiency of single-plane kites, as has already 
been done for the cellular kites, and thereby be better able 
to judge intelligently of the relative merits of the two forms. 
As yet, however, the necessary observational data have not 
been obtained. 

ANALYhIS O F  FORCES ACTING ON KITES. 

Exp1awfio)i of term.-The ternis pull, lift, snd drift are 
frequently employed in connection with kites, and, as con- 
fusion has arisen in the minds of some concerning their use, 
a full explanation of their meaning appears to be required. 

Pull.-The force which tends to tear asunder the kite string 
is regatded by the writer as the pull of the kite, or the ttnsion 
of the string. I do not see that any better or more descriptive 
words are needed. I n  the case of a long, deeply sagging line 
i t  is plain that  the absolute direction in which the pull ope- 
rates is very different a t  different points along the line, but 
always tangent thereto. Moreover, the intensity of the force 
is also different. We may, nevertheless, with perfect con- 
sistency and without confusion, call this force pull or tension 
a t  any and every point. To be explicit iu speaking of the 
pull, we need to specify also the point a t  which the teusion 
is exerted, or the direction in which it acts. We may imagine 
the kite to be nearly in  the zenith and pull the wire upward 
at  a high angle. There is nothing in this circumstance to 
cause us to change the name of the force under consideration, 
as has been done by some. The force is just as much as ever 
the ytcll of the ki te ,  or the tensiolb of the wire, no matter a t  
what angle it may act. Such expressions, therefore, as the 
pull at the kite or the tension of the wire at the reel seem to 
me to carry a definite meaning with them. 

Lift.-The inherent idea conveyed by the word lift, when 
used to designate some force, is that  of an effort which is 

opposed to the force of gravity. In  &her words, a lifting 
force is an effort which is directed vertically upward. The 
use of this word in connection with kites will, perhaps, be 
made clearer by the following illustration : Suppose the 
string from a flying kite be tied to a heavy stone. The pull 
of the kite being exerted in an upwardly inclined direction, 
the tendency will be to both Zift the stoue off the gronnd and 
also to drag it across the surface. That portion of the total 
pull which tends to raise the stone directly off the ground is 
the lift of the kite. 

Drift.-The foregoing illustration serves also to bring out 
the ineaning of the word dr i f t ,  as applied to the kite. That 
portion of the total pull which tends to drag the stone liori- 
zontally across the surface of the ground ie called the drift 
of the kite. It is that effect of the total pressure of the w i d  
uii the kite which tends to cause the kite to drift horizontally 
along with the wind. The kite must, however, be held in re- 
straint against the force of the wind, otherwise tlie drift, as 
a force, does not exist; if the kite is not restrained, motion sets 
up and the drift regmled as a force is greatly changed in 
amount. 

I n  the language of mechanics these words are perfectly de- 
fined by saying that drift is the horizon tal and l i f f  the vertical 
component of the p u l l .  

The lift of a kite is important for the reason that it 
measures the amount of weight that, the kite can sustain. 
Weights to be sustained are usually attached to the strilig. 
It is a matter of iiiiportauce a t  which point along the kite 
line a given weight to be sustained is attached, for a little 
study will show that the lift and drift have diflerent 
values a t  different points of the line. The more the line 
sags between any two points the greater will be the dif- 
ferences between the corresponding forces a t  those points. 
Fig. 27 represents a long deeply sagging kite line, and will 
serve to illustrate further the relations between the lift, 
drift, and pull. A t  the point A, for example, the pu1Z is 
represented by the line A, B, tangent to the wire. By draw- 
ing horizontal and vertical lines through both d a d  B, the 
line A L represents the lift, the l ined  D the dr i f t .  Similarly, 
a t  it the lift and drift :ire represented by the lines Q 1 and n d.  
I n  this case the line a b is made equal to d B, that is, the 
tensions a t  the two points are regarded as equal. This could 
not be trne in an actual case, as the pull a t  a will always be 
less than a t  A, depending upon the weight of the portion of 
wire a A. Nevertheless, even though the pull is regarded as 
uniform in the diagram, the lift and drift are seen to be 
noticeably different. At 0, where we have supposed the line 
to Le horizontal the lift has vanished entirely and the drift 
is numerically equal to the pull. At the reel the lift is 110 
longer a true lifting force; i t  even acts downward. I n  other 
Words, the lift is negative. If a t  any point the kite line were 
exactly vertical, then the drift wonld entirely vanish and the 
lift would be numerically equal to the pull a t  that  point. 
Such cases will rarely occiir as regular working conditions in 
practical kite flying for scientific purposes. They are noticed 
here merely for the sake of illustration. They represent some 
of the conditions that  may temporarily obtain where a long 
line is uut and the wind falls off so much in force that  the 
wire sags down quite to the ground. 

The effect, of hanging a weight upon the kite string is 
shown Ltt W. The line T P  P represents the nmgnitiide and 
direction of the p l l  of the string, W C: represents the force 
of gravity. W P‘ is the resultant of these two forces, a i d  
the direction the string takes below the point TI’ must be 
identical with Jf’ P‘. Moreover, the length of the line TV P‘ 
represents the tension in the string below W. 

RPRoliifion and con~binnt ion o j  forceu.-To proceed intelli- 
gently with the construction of kites a general knowledge of 
the action of the forces thereon is necessary. For our pres- 
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ent purpose we will consider kites of the tailless variety only. 
The position a kite takes in the air will depend upon the re- 
sultant effect of five forces acting upon i t  and the string. So 
far as the kite itself is concerned we may, however, leave the 
string out of account and the two forces affecting it, and 
deal only with the forces acting a t  the kite. I n  this case 
there are three forces : (1 )  The pressure of the wind on the 
surfaces of the kite. (2) The action of gravity on the mass 
of kite.(3) The pull of the string a t  the kite. 

When the kite flies steadily in a fixed position these three 
forces are in equilibrium. Whenever they are not in eqni- 
libriuni some one of them preponderates in a certain sense, 
and the kite shifts its position to the right or left, or rises or 
falls in such a manner as tends to reestablish equilibrium. 
That is, a properly made kite will behave in this way. With 
a kite of improper form and badly arranged parts, no matter 
how much it darts and shifts about, i t  is impossible for the 
kite to move into and stay in a position where the forces just 
balance each other. The conditions may be such that  changes 
of position do not tend to bring thekite into static equilibrium. 
The kite, in such cases, may spin around and around in  a 
circle whose diameter is sometimes quite small, but often 
very great ; or, the kite niay swing back and forth far to the 
right and left without finding a position in which it can fly 
steadily. Such kites, generally, will not continue to fly very 
long. The oscillations, gyrations, and darting motions which 
for a time contribute to niaintain flight may either gradually 
bring the kite down lower and lower, or some change in the 
forces of a marked or critical nature may suddenly end all 
flight with a precipitate dash to the earth. 

Of the three forces in action, gravity alone is perfectly 
constant in amount and direction. The tension on the string 
is a force that  exists only as the result of the action of 
the other forces. The wind pressure, then, is the only force 
which varies independently, and the great problem is to ar- 
range the surfaces and bridle of the kite so that  it can 
promptly, constantly, and easily accommodate itself to the 
innumerable and often very great and very sudden changes 
which we find to occur in the force and direction of the wind. 

Wind pressure o n  plane surface.-The pressure of the wind 
upon the kite surfaces is a very complex force. We are able 
to understand its action best by resolving it into component, 
parts and separately studying the effects of each. 

I n  Fig. 38, A B C D represents, in cross section, a flat rec- 
tanguIar plate exposed to the wind in an inclined position. 
The windward and leeward edges of the plate are supposed 
to he perpendicular to the paper and therefore a t  right angles 
to the wind, which is supposed to move in lines parallel tq 
the paper. The thickness of the plate has been purposely ex- 
aggerated in order to give prominence to the effect of the wind 
on the edges of the plate. I n  kites the edge surfaces are of 
relatively small extent, but their influence is large enough to 
be important and i t  is necessary, therefore, to notice the effect 
this ham on the total pressure. Experiments have shown that 
the wind will glide over a smooth surface, such as we have 
supposed our plane to be, with great freedom. I n  other words, 
the skin friction is exceedingly slight. The action of the wind 
upon the surface is, therefore, in  the nature of a normal pres- 
mure exerted a t  every point. For if we suppose the ekin fric- 
tion to he zero, then the pressure at each point due to the 
wind will be exerted exactly a t  right angles to the surface a t  
that  point. I n  the case of slightly roughened, fuzzy, sur- 
faces, such as the cloth used in kites, it may not be strictly 
admissible to wholly neglect skin friction. In this case the 
air must be regarded as catching upon the roughnesses of 
the surface andexerting a slight push or force which urges the 
plane along in the direction in which the streams of air are 
flowing over its surface. Fig. 29 shows on a larger scale these 
forces of pressure and friction as they may be conceived to 

act on a single point, P, of the surface. P' P represents the 
relatively large pressure acting directly a t  right angles to the 
surface; F P represents the feeble force of friction acting 
parallel to the plane. From mechanics we learn that the 
combined effect of these two forces is the same as that of a 
single force represented by the line, Q P, which is the diagonal 
of a parallelogram formed on the lines PP' and P F. The 
total pressure on the whole surface of A B is simply the sum 
of all the elementary pressures like Q P. If we may neglect 
skin friction the pressure of the wind acts a t  right angles to 
the surface. If the skin friction is great enough to require 
consideration, then we must regard the wind pressure as act- 
ing a t  a less angle than 90° to the surface. It may be added 
here that the wind pressure esperienced by a plane surface is 
clue to the diminution of the pressure of the air on the back, 
or lee side, of the plate as well as to the direct inipact of the 
wind on the forward side. For our present purposes we need 
not push the analysis so far as to separate these effects but 
will combine them into a resultant pressure on the front face of 
the plate. 

I n  Fig. 28 the pressure of the wind a t  numerous points of 
the surface is represented by several small arrows. These 
are made longer toward the forward edge, in order to indicate 
a fact, brought out byexperiments, namely, that  the pres- 
sures are more intense over the forward portions of an in- 
clixled plate. This is readily understood when we notice that 
the front edge of the plate receives the full force of the wind 
which, after having its direction of motion completely 
changed and made parallel with the surface, glides easily 
over the after portion of the plate without exerting much 
pressure. I n  dealing with pressures of this character we 
generally desire to consider the total pressure over the whole 
surface. Such a pressure will be called the totrd 7 iorn~iZ p e s -  
B w c ,  or simply normal pressure. By way of excuse for what 
may seem to he a misuse of the word normal in this connec- 
tion, we may add that although we have already learned that 
when we iuclude the effects of skin friction the wind pressure 
can not be strictly normal, that  is, at right angles to the 
inclined surface; yet the friction eft'ect is generally so small 
that  we may for the present include it in the total pressure 
and still designate the combined efTects by the convenient 
term, normal pressnre, without serious inconsistency. 

Ceiiter of prcssirw-It is not enough to know that the total 
normal preesure on a plane is practically ilt right angles to 
the surface; we must also know the magnitude of the force 
and the point at which it acts. The point of application of 
the pressure is called the center of prexsicre, that  is, the point 
at which, if all the forces be concentrated, their action pro- 
duces the same effect as when the forces are distributed and 
act a t  every point of the surface. If  the intensity of the 
pressure were the same a t  all points of the plate, then the 
center of pressure would be a t  the center of the surface. It 
was shown a!iove, however, that  with inclined surfaces the 
forces are most intense near the forward edges, therefore the 
center of pressure can not he a t  the center of the surface in 
such casem. 

Many experinients have been made to determine both the 
magnitude and the point of application of the normal pressure 
on inclined surfaces of various kinds and for different wind 
velocities. Exact experiments are difficult to make, however, 
and the results obtained from various sources are more or less 
discordant with each other. In  regard to the position of the 
center of pressure i t  is plain that  if the forces are most intense 
toward the forward edge of the plate, as indicated in Fig. 28, 
then the center of pressure will be more or less forward of 
the middle point of the line, A B. (We have supposed the 
form of the plate represented by the line, A B, to be rectan- 
gular, with the front and after edges presented at right angles 
to the wind current.) Both the form of the plate and the 
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manner in which it is presented to the wind will have much 
to do with the location of the center of pressure. Without, 
therefore, attempting toindicate correctly the location of the 
center of pressure on the supposed rectangular plate, we may 
represent the total normal pressure of the wind on the plate 
by some such line as N 0. The angle, A 0 N ,  will be a trifle 
less than 90°, if we include the effects of skin friction. The 
center of pressure will be on the middle line between the right 
and left edges of the plate. It can not be otherwise, for there 
is no reason why the pressure of a uniform wind should he 
permanently unequal on the right and left halves of the 
plate. 

Edge premwes.-The pressure on the forward edge of the 
plate may be represented by the line, E P. in the same way 
that N 0 has been found to represent the pressure on the under 
surface, A B. To ascertain clearly the total effect of the wind 
on the whole plate we must combine the forces, N 0 and E P. 
This is effected, according to the principles of mechanics, by 
prolonging the direction lines of the forces until they intersect 
and then constructing the parallelogram, P' 0 Q N .  N 0' is 
made equal to lV 0, and P' 0 is equal to E P. The diagonal 
line, Q 0 ,  now represents the total effect of all the wind 
forces acting upon the plate, that  is, the wind will tend to 
push the plate in the direction 0' Q, with a force which is 
represented by the length of the line, 0' Q. To hold the 
plate in equilibrium against the action of the wind i t  should 
be sufficient to introduce another force equal to 0' (2 and op- 
posed thereto, as the force 0' Q', for example. 

Fig. 30 represents the action of the wind on the edge of a 
piece of cloth thickened by the cord in the hem to strengthen 
the material. The pressure of the wind on the r o u d e d  edge 
will tend to push the edge in the direction A P. The combi- 
nation of this force, with the normal pressure represented by 
N 0 (only a part of the surface is shown) may be effected by 
means of the parallelogram of forces ON' Q P'. Here, 
again, the line 0' Q represents in magnitude and direction, 
the total effect of the wind on the surface in question. 

I n  Fig. 30 the normal and the edge pressures are combined 
a t  the point 0, obtained by the intersection of the lines N 0 
and E P prolonged. This method is adopted in order to sim- 
plify the diagram. We are not to infer that  the resultant 
pressure necessarily acts through the point 0'. The edge 
pressure, E P exists primarily as a tension in  the cord in the 
hem of the cloth, and as such is communicated to the sticks 
of the kite. The precise manner of combining the forces in 
order to locate correctly the point of action, 0', of the re- 
sultant will require special attention according to the condi- 
tions of a particular case, and need not be now considered. 

Resultant pressure.-We have already designated the pressure 
represented by the line N Oas the total normal pressure. We 
will now adopt the expression total resultant pressure, or simply 
resultant presstcre, as the name of the combined effect repre- 
sented by the lines 0' Q in  Figs. 28 nnd 30. 

The important point it is designed to bring out in t,he fore- 
going treatment of the several pressures upon a plate is to 
show: (1) that  the general pressure over smooth and ex- 
tended plane surfaces may be regarded as practically normal 
to the surface, and (2) that  the total resultant pressure on all 
surfaces (including the edges, sticks, struts, and other Diem- 
bers, necessarily parts of the kite structure) is always in- 
clined more or less away from a normal, as indicated by the 
lines 0 (3, in the figures. 

Thus far we have virtually supposed the plate to be per- 
fectly flat., but kite surfaces, especially when made of paper 
or cloth, will rarely or never be quite flat, arid the effects of 
curvature must, therefore, also receive our consideration. 

Pressure o n  thin,  curved surfaces.-The kind of curved sur- 
face commonly met with in kite work is simply the arched 
or bellied-out surface which results from the pressure of th3 

wind on the more or less loosely-fitted cloth or paper cover- 
ings. This looseness is oftentimes intentional, for the reason 
that experiments show that the total pressure on inclined 
arched surfaces is greater than on the same extent of flat 
surface. I n  Fig. 31, let A B represent a section of an arched 
surface, such as might exist in a kite. The curved line, A B,  
may be regarded as the path followed by a particle of air as i t  
flows across the surface from the front to the rear edge. Here, 
again, so little is certainly known of the exact nature of the 
pressure of wind on such a surface that we caniiot indicate 
its character correctly nor locate definitely the position of 
the center of pressure. I n  the case of a plane surface we 
found that  the total pressure acted sensibly normal to the 
surface. I n  the case of arched surfaces we do not know 
certainly in just what direction the total pressure acts. 
Lilienthal, who has done so much to advauce the art of 
flight with wings, has made a great many experiments from 
which he has deduced both the magnitude and direction of 
the pressure on arched surfaces.' His nlethods of experi- 
ment, however, and the results, especially in respect to the 
direction of the force, are affected by an error pointed out 
by A. v. Obermayer.' While i t  will scarcely be possible in 
a given case to predict what direction or a t  what point the 
total pressure is acting, yet we may state approximately 
that the center of pressure, generally, is forward of the mid- 
dle of the arch, and the direction of action is a t  au angle of 
more than 90° to the chord of the arc. The line, N 0, may 
he regarded as indicating the resultant normal pressure. The 
angle, ,4 C N will generally be greater than a right angle. 
AR in dealing with pressures on plane surfaces we may still 
consistently designate the total pressure on arched surfaces 
as the normal pressure, for the reason that it may be con- 
ceived to be the sum total of the forces acting normally a t  
every' point of the arched surface. The curvatiire which 
Lilienthal finds from his experiments to be the most effective 
is that  which makes the height of the arch about one-twelfth 
of the chord. 

The foregoing analysis of the wind pressures 011 surfaces 
has been carried out in considerable detail because these mat- 
ters are of fundamental importance in arriving a t  a clear un- 
deretanding o€ the action of the kite. On0 can not ignore 
them and a t  the same time proceed intelligently to improve 
aud perfect kites. 

Efect of wai?ine.w, or jhttering.-It often happens, especially 
with some forms of kites, that  the cloth fails to remain 
taut and smooth, but forms a series of waves flowing in the 
direction in which the wind moves over the surface. A sec- 
tion across a surface of this character will have some such 
appearance as shown in Fig. 32. The action is oftentimes 
very pronounced, and the kite emits a comparatively loud 
sound, due to the rapid fluttering of the cloth. The effect of 
this is a matter of serious consequence. The mind presses 
strongly upon the windward sides of the waves, and thereby 
teuds to push the surface along in the direction d B. Sup- 
posing the surface free of waves, the resultant pressure might 
be represented by such a line as 0 (2. .If,  however, the wavy 
condition prevails, the resultant pressure will take such a 
direction as 0 Q .  

Whirls, or eddy efects.-There is another respect in which 
the action of the wind on the kite may be objectionable in 
character, that  is, may tend to depress the kite or drag i t  on- 
ward with the wind. I n  the absence of a better name this 
may be called the whirl or eddy effect. I n  some forms of 
kites a greater or less portion of the whole current of 
air affected by the presence of the kite is broken u p  into 

Der Vogelflug als Ciruncllage der Flugekunet. Otto Lilienthal. Ber- 
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numerous whirls and eddies. These may be formed when the 
air flowing against the kite is suddenly stopped, or when it€ 
movement is abruptly changed and diverted to a new direc- 
tion. Angles a d  changes in the continuity of the surfacee 
such as formed by the presence of tlie cross stick in the Ma- 
lay kite, for example, and other causes that  prevent the air 
from flowing easily and by smooth changes of motion over 
and past the kite, will give rise to  eddies. Whirls of marked 
character exist over the leeward surfaces of the kite. St,rong 
eddies may thus be set up at numerous points adjacent to the 
body or surfaces of the kite. It is possible, and indeed quite 
probable, that  some of these niay remain nearly stationary in 
certain favorable spots. Such eddies or whirls, in a certain 
sense, may have much the same effect as obstructions to the 
flow of the air. Quite as much of an obstriictioii may be thus 
formed as if an excrescence of rigid material were placed on 
tlie kite a t  one of the points in question. In  cellular kites 
generally the cells are virtually short tubes through which 
large streams of air must flow. Prouounced eddy formations 
within these tubes have much the saine efiect as real obstruc- 
tions by which the flow of the air is as i t  were choked up. 

We can not attempt here to analyze in detail the action of 
these eddies. The illustrations employed above to aid the 
nlind in forming a conception of some of their effects are known 
to be faulty and imperfect and open to the criticisms of the ex- 
act physicist. Nevertheless, we perceive, by the sid of the 
comprehensive principle of the conservation of eaergy, that 
the power required to form these eddies and maintain the air 
within them in rapid motion ninst he derived by reaction 
from the kite and its string. The necessary reaction can be 
derived from the kite only when its angular elevation is de- 
pressed in consequence. 

It, therefore, results that  when eddy effects are present with 
a given form of kite, any modification that  will eliniinate or 
lessen the eddies will enable the same kite to obtain a higher 
elevation, other things remaining the same. 

We have already said that  the equilibrium of any forn! of 
kite depends upon the action of three forces, one of which is the 
wind pressure. I n  the foregoing discussiou we have aimed to 
show the coniples nature of the force t,hat we call the wind 
pressure. We will next endeavor to show the conditious 
which exist when equilibrium is established between the forces 
in question. It is well known by experience that  a condition 
of equilibrinm is possible between the forces which act on a 
well built Malay kite, therefore we will first select this form 
of kite as  the subject of our analysis. As seen from the 
front, the kite appears as shown in Fig. 33. The surface is 
far froin being flat,. The line d B is straight, bnt, C D is 
Lowed forward, as indicatecl by the c,urved dotted line, C D, 
Fig. 34. Owing to i te  looseness the cloth is bellied Inckward 
Iiy the wind pressure so tliat in a cross section 011 a line such 
as c d the kite appears as shown in Fig. 34. Siinilarly a sec- 
tion 011 a line such as (I. 0 appears as shown in Fig. 35. 

The kite is held in restraint by means of the bridle which 
is attached only to the midrib of the kite. In  certain respects, 
therefore, we may regard the midrih as a fixed axis about 
which the kite may tilt laterally more or less. We will first 
consider the eqnili brium of the forces on the lateral halves of 
the kite. 

Latern1 si.cr.bil:it.y.-In the &se of loosely fitted coverings, 
the arching Imck of the surfa.ces in t,he manner indicated in 
the drawing is very pronou~~ced,  and tends to increase the 
stability of the kite against tilting edgewise to the wind. 

The .two halves of the kite either side of the niidril?, d B, 
mist be made very carefully, equal and similar in all respects. 
When so made, the pressures, acting as indicated in Fig. 34, 
will just balance each other in a uniform wind, and the kite 
will then poise on what we may call an even keel. .When, 
however, from variatious of the wind, the premure oil oue 

side becomes greater than that on the other the kite is tilted 
over to some extent. The wing which momentarily received 
the greater pressure is lnoved latera!ly into a position of less 
inclination to the wind, and the intensity of the pressure is 
thereby dirninishecl ; whereas, the opposite wing being placed 
by the tilting in a position of greater inclination to the wind 
receives a corresponding increase of pressure and a balance 
between thP opposing forces oii the two wings is still pre- 
served. If the covering of the kite is taut, so as to remain 
flat, the cross-section on c tl will appear inore nearly as shown 
in Fig. 36. A kite with such a surface is also able to preserve 
a condition of equilibrium between the pressures on the two 
wings, for tlie surfaces by tilting more or leas assuine different 
degrees of incliiiation to the wind, and within reasonable 
l i n i i t ~  a condition iu which the forces are balanced is possible 
a t  all times. The bending backmard of the lateral wing 
surfaces so as to foriii a dihedral augle, as shown in Fig. 36, 
lesseus slightly the angle of incliiiatioii of the surfaces to the 
wind. The lifting effect in snch a case is, therefore, less than 
with the same surface not so inclined, for i t  is plain that if 
the two wings \$ere hent l~ackwarcl t u  such an extent as to 
meet each other, all the lifting efYect would be qone. The 
slight loss in lifting power which occurs for the reason here 
given is, as i t  were, the price we niust pay for the stability 
imparted to kites of this type. The amount of bending back- 
ward ought to be no greater than is required to contribute a 
suflicieiit safe-working stability. 

If, however, the cross stick of the kite is not bowed or in- 
cliued backward in any manner and the covering is taut, the 
whole surface of the kite will be sensibly flat. Made in this 
way, the kite will be found to have lost all its lateral stability. 
Tilting sidewise does not, as formerly, restore the balance of 
forces, for, with a flat siirface, a change of incliuation afiects 
the pressure on the whole surface in the same way, a d  there 
is no tendency for the tiltiug to produce a balance between 
unequal forces on the two lialves of the plane. A perfectly 
flat kite of a single surface can not, therefore, be made to fly 
of itself. Tails will be required and other artifices must be 
adopted to keep it poised in the wind in a flying attitude. 
Even approxiniately flat surfaces, however, rarely or never 
exist in kites as ordiuarily made. The wind pressures bend 
the sticks and belly ont, the coverirlg in iiearly all cases t u  
such an extent and in such n manner that a t  least a slight 
condition of automatic stability is imparted to the kite. 

R e  have explained in the foregoing how the forces on the 
lateral halves of the Malay kite surface automatically balrtnce 
each other, even when the wiucl pressures are not uniformly 
distributed. We will next consider the equilihrium of the 
forces ill a longitnclinal sense, or i n  the fore and af t  diniension 
of the kite. 

Lvngitudi~ral stnbiZity.--U’r have already nientioned that 
the kite is restrained hy nieaiis of the Iwidle attached only to 
tlie midrib. We need to now consider how the pressures of 
the wind iipon the cloth surfaces are communicatecl to the 
rnernbers of the structure and finally to the midrib itself. 
The fihres of the cloth can resist the pressure of the wind 
only by virtue of tensional strains. Referring again to Fig. 
31, the arched enrfaces of the cloth there shown are under 
considerable tension, which, a t  the midrib, E,  is exerted ill 
the directions of the tangents E T and E T‘. There are similar 
tensional forces a t  Cy and D, which act upon the cord forming 
the perimeter of the kite. These strains are communicated 
in turn to the extremities of the two sticks, thus reaching the 
midrib directly or by means of the cross stick. The effect 
of the two forces, E T and E T ,  is equivalent to a single 
force, E P. By a siinilar treatment of the reactions a t  the 
several portions of the kite frame, i t  will be found that all 
the forces may be concentrated upon the niiclrilJ. Let A B, 
Fig. 37, represent a side view of the niidrih with the bridle 
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attached. From what has preceded, it will be easily under- 
stood that  the magnitude and direction of the total resultant 
pressure of the wind upon the kite may be represented by 
such a line as  Q 0. .The center of gravity of the kite may 
always be found by well-known methods. Let y be the posi- 
tion of the center of gravity, then we may represent the weight 
of the kite by the line w. The combined efiect of both 
gravity and the wind is now found by means of the parallelo- 
gram of forces, 0' Q' R G .  The force represented by the line 
0' R is the resultant effect of both the wind and gravity on 
the kite. The kite can be in equililsriuni only when the string 
pulls in line with the force 0' R and through the point 0'. 
The string from the bridle must, therefore, take the position 
and direction shown, viz, 0' F L, and the tension 011 the string 
must be numerically equal to the force O'R. 

Dingran) of forces.-Fig. 37 is a typical diagram of the action 
of the forces 011 any kite. Such a diagram, especially that 
part including the parallelogram, 0' (2' R G, and the string, 
L F, will hereafter be designated as a diagram of forces. We 
have mentioned before that  the force of the wind is the only 
force that varies independently ; that  is, the line 0 Q in the 
diagram requires to be made not only of different lengths, to 
represent, from moment to moment, the changing intensity 
of the wind force, but both the direction of the line, in rela- 
tion to A B, and the position of the point 0, are also con- 
stantly changing in correspondence with changes in the 
direction of the wind in reference to the kite. These changes 
of direction are partly real changes in the wind, but are also 
due to changes in the angle of iucidence of the kite. The 
angle a in the diagram may, €or present piirposes, be regarded 
as the angle of incidence. 

To follow a little further the action of the forces on tlie 
kite. let us suppose the wind pressure to increase iu  intensity 
without change of direction or point of application. Let the 
increased pressure he represented by the line 0' 0,'. The new 
resultant of the forces of wind and gravity will be the line 
0' R'. The pull of the string acting through the point 0' is 
J I ~ W  no longer able to juet oppose and halauce the new re- 
sultant 0 R'. These two are inclined to each other a t  a slight 
angle, instead of being exactly opposite in direction. Re- 
sorting again to the well known method of the parallelogrniii 
of forces for combining the now unbalanced forces on the 
kite, we find that  there exists a small unbalanced effect, such 
as indicated by 0' M ,  which urges the kite forward and up- 
ward in the wind. (To avoid confusioii, the lines of the par- 
allelogram are omitted from the drawing.) The movement 
which results from the action of the force 0' dl causes sekeral 
changes of conditions, thus, the angle of incidence changes, 
the direction of the string is made steeper; the point of ap- 
plication of the resultant wiod pressure shifts a d  the force 
also changes in direction. By means of these changes uew 
conditions are established in which complete equililJriuin of 
the forces again results. . 

We may now see the reason for usiiig the hridlr E E' R. 
If the string were tied directly to the kite at F ,  for example, 
the kite could he in equilibrium only when the irsiiltnizt of 
the wind pressure and gravity passed through that  point. 
Tied to the point F the point of intersection of the string 
with the kite can automatically shift and thus acw)niniodate 
itself to numerous conditions. Moreover, the tension of thp 
string acting a t  F and the wind prefising a t  I )  constitutp :I 
system of forces that are in stalde eqnilihrinm. 

This advantage of arranging the string to d raw froin a 
point a t  a distance in front of the kite suggests that  i t  Ibe em- 
ployed likewise to increase the lateral stability of the kite. 
For example, if E I;; Fig. 38, represents the hridle aa i t  is 
seen in the end view of the kite, the .point F niay be made 
fixed in reference to the kite hy use of two steady lines at- 
tached to points on the crow stick, as a t  f f. Such, or an 
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equivalent arrangement, that  produces a flxecl oint in front 
of the kite from which the string may draw, wil P be of apecia1 
advantage in the case of single plane kites whose surfaces are 
very nearly flat. * 

For the sake of simplicity i t  has been assumed in all that 
precedes concerning the diagram of forces, that the angle of 
inclination of the total reeultant wind force, Q 0, to the line, 
A B, can not be as great as 90°, which, for flat surfaces, rep- 
resents an ideal condition of absolutely no edge resistance, 
skin friction, etc. This, however, may not necessarily be the 
case with arched surfaces, for we have already had occasion 
to point out, as shown in Lilienthal's experiments, that the 
total resultant pressure on certain thin arched snrfacw may 
be inclined forwnrd of the normal to the chord of the arch. 
Nevertheless, when ill effects such as those illustrated in Fig. 
39 exist, the slight possible advantage gained by the effects 
of arched snrfaces is more than offset by the defects that have 
been pointed out. Our assumption that the angle, (1 0 B, is 
less than 90° for both flat and arched cloth surfaces as ordi- 
narily found, can not, therefore, be much in error. Further- 
more, there is positive evidence from the experience of every 
flyer of the Malay kites that  the angle of the total resultant 
force, R F B, can not be as great as 90°. For, the angle, B E  F, 
of the bridle is generally made at  least 90°, and if R F' B ever 
becomes as great as 90° it would mean that  the lines F I; ancl 
E F would coincide. A very slight acquaintance with kite 
behavior will convince one that  this doesenot occur in prac- 
tice. The direction of the string a t  F L always falls hetween 
the strings E F aud B F. 

Up to the present point we have proceeded to draw the dia- 
gram of forces as if the force, 0 Q, were fully known in mag- 
nitude, direction, and point of application. In practice this 
is just what we do not know. It is plain, however, that we 
may measure both the direction and the pull of tlie string a t  
F L, and also determine its point of intersection with the 
kite. Furtherniore, the weight and the position of the center 
of gravity of the kite are alu axs determinable. Kno\liing, 
therefore, the resultant and one force for any given case, we 
are able to work the parallelograni of forces backward, as it 
were, and thus arrive a t  a complete knowledge of the un- 
known force, 0 0, 

C'o)idi t iom that r)~otl$t~ the angular. clcvcction of the I;itr.-The 
direction of the string, F L, that is the inclinatioii of the top 
end the kite string t(J the plane of the horrizon, considered 
in cnnnection with the angle of incidence of the kite, is a fun- 
daniental datum in the analysis arid conipari~on of the he- 
havior of kites. JVlien the string, from the ground to the 
kite is short and sensibly straight i t  will be noticed that 
the direction of the string a t  F L iiieasures the angular 
elevation of the kite from the reel. Any arrangement or 
modification which can make this line steeper: other con- 
ditions remaining the same, will be an iniprovement, for 
it means that  the kite will tend to fly that much nearer the 
zenith. Bridling the kite so thnt the angle of incidence a is 
smaller )\ill, in general, cause i t  to fly more nearly overhead, 
hut we do not wish to consider thia case now for the reason that 
lessening the angle of incidence lessens the pull of the kite 
a t  the same time. It is designed to consider here only those 
niodifications that will increase the steepness of the liue F L 
without any change of the angle of incidence. \$'e will re- 
serve, for future ci~nsideratic~r~. the question as to what angle 
of incitle~tce is best. 

Let us observe the efl'ects of the weight of the kite itself. 
In  the parallelogram of forces, Fig. 37, the line 0' G repre- 
sents the total weight of the kite. If the weight of the kite 
can be diminiehed tlien the l b e  0' G will be shorter in rela- 
tion to 0' Q', and a new resultant, 0' y, will be formed having 
a steeper angle than the resultant 0 R. As the kite string 
in the new condition must come into line ui th  0' )'we see that 



162 MONTHLY WEATHER REVIEW. MAY, 1896 

lessening the weight will cause the kite, other things remain- 
ing the same, to stand a t  a higher angular elevation. It will 
be noticed, also, that  the resultant 0' r is longer than 0' R; 
that is, the pull of the kite is greater. 

There is another respect in which something may be done 
to increase the angular elevation of the kite. The line 0 Q 
representing the total resultant wind pressure on the kite is not 
a t  right angles to A B. As 
has already been explained the influence which deflects the 
line away from the normal is the pressure of the wind on the 
edge surfaces of the kite. It may appear that  a kite of the 
Malay type presents a very small extent of edge surfaces upon 
which thewind can act. However, such is often only seemingly 
the case. By referring to Fig. 39, which shows a sectional 
view of the kite on such a line as a b, Fig. 33, we notice that 
owing to the arching upward of the cloth in front of the cross 
stick C D, the greater part of the surface .4 C D, Fig. 33, is 
presented to the wind a t  a much greater angle of incidence 
than the rest of the surface. I n  a certain sense this triangu- 
lar front of the Malay kite a s i t  narrows out to  the points C 
and D is little else than an edge surface, and the wind pres- 
sure thereon is of the sanie harmful character as upon real 
edge surfaces. The normal pressure on this surface takes 
such a direction 89 0 N, Fig. 39, and when this force is com- 
bined with the other pressures that  act more nearly a t  right 
angles to the kite surfaces, the total resultant is inclined a\\ ay 
from the normal more than would be the case in the absence 
of these harmful pressures. Returning now to Fig. 37 we 
notice that  any influence which causes the line Q 0 to incline 
backward and away from the normal to the line d B will have 
the effect of giving a smaller angular elevation to the line F 
L, when equilihrium of the forces exists. 

The above study of the diagram of forces has thus far led 
to two noteworthy conclusions, namely : ( 1 )  that  changes in 
the weight of the kite have a direct effect on the pull of the 
kite and cause the angle of intersection of the string with the 
kite surfaces to change, thereby changing the angular eleva- 
tion of the kite; (2)  that  the blowing backward and upward 
of the loose cloth iu front of the cross stick C D in kites of 
the Malay type has a very prejudicial effect upon the angular 
elevation of the kite. We may mention with these the fol- 
lowing conditions which also tend to lessen the angular eleva- 
tion of the kite, namely : (3)  all pressures upon the edges of 
the kite; (4) the surfaces of the kite may flutter and take 
on a wavy character under the action of the wind. Atten- 
tion was called to this ill-effect in a previous paragraph; 
( 5 )  eddy effects. 

Considerable attention has been given to the effects of edge 
pressure, whirls, waviness, etc., all of which cause the total re- 
sultant wind pressures on surfaces to take an inclined, rather 
than a normal, direction to the surface. I n  developing the 
kite so as to reach grent elevations, any influence which tends 
to deflect the resultant wind pressure away from the normal 
to the kite surfaces tends to depress the kite away from the 
zenith by the same angular amount, and one most important 
point, therefore, in which to improve the kite is to diminish 
and eliminate, as  far as possible, the edge pressures and all 
similar effects. 

It is plain, therefore, as a result of the foregoing develop- 
ment of the ill-effects due to certain features of kite con- 
struction, that  the expert designer must aim not only to makc 
his kites as light as possible, but all waviness and fluttering 
must he suppressed, and all those influences which tend t c  
deflect the direction of the total resultant pressure away from 
the normal be eliminated and diminished as far as possible. 

We are now brought to the abatement of a very important 
principle, the significance of which will more fully appear a~ 
the study of the action of the forces upon the kite is carried 
further. The principle has to do solely with the direction, rela. 

. 

The angle Q 0 B is less than 90°. 

,ive to the kite, in which the wind pressure acts upon it. The 
nagnitude of thie force is a matter for separate consideration. 
I'he principle may be stated as. follows : The condition of ideal 
;ficiency (that is ,  an egiciency of 100 pcr cent), i n  the action of 
uind forces upon a thin plane sitrface, obtains when the total re- 
d t a n t  pressitre i~ exactly normal to the sarfact,. The line Q o', 
Fig. 28, will, in the ideal case, form a right angle with CDand 
oe in the planeof the paper. With material plane surfaces the 
mgle Q 0' P' will generally be less, it can not he equal to or 
greater than a right angle. We have seen that with an 
trched surface thc resultant mny make an angle greater 
.han 90° with the chord of the arc, ]Jut we are unable for 
Lhe preeent to extend the above principle to the case of 
irched surfaces, as thus far no sufficiently esact knowledge 
If the direction of the resultant pressure exists to justify a 
itatemerit of its limiting direction in the ideal case. I n  the 
levelopiiient of the kite for the purpose of reaching very 
lofty elevations, the action of the wind upon it should ex- 
iibit the highest possible efficiency as the word is defined in 
.he principle enunciated above. All those actions or effects 
which tend to incline the resultant away from the normal 
will cause the kite to be correspondingly depressed in angu- 
lar elevation. Since for meteorological purposes, other things 
remaining the sanie, we aim to secure the maximum possible 
mgular elevation for the kite, those effects which tend to 
iepress the kite in angular elevation are of a harmful charac- 
ter and i t  will be convenient, hereafter, to employ the word 
harmful in this sense. 

It will not be appropriate in the present article to discuss 
Lhe diagrams of forces for different cases of wind force and 
Jirection, nor to develop the best arrangement of bridles, 
3tc. Many experimental difficulties are encountered in seek- 
ing exact numerical solutions for ordinary practical cases, 
and many observations are required. The writer having in- 
jicated, in a general way, how the action of the forces affect- 
ing the kite may be studied, hopes that  experts a t  work on 
the problem may test these ideas, pointing out errors and 
iefects that doubtless exist, but especially that they may set 
&bout securing the observational and numerical data which 
are so much needed in order to convert the kite, hitherto almost 
without exception the toy of boys aud men, into the highly 
3fficient and useful piece of scientific apparatus which i t  
3eems destined to become. 
FORMS AND CONYTRUCTION O F  THE WEATHER BUREAU KITES. 

The modification of the Hargrave kite, devised hy Mr. Pot- 
ter, and which we have called the diamond-cell kite, was 
extensively tested in our first experiments. The details of 
construction of this kite have been minutely given in the 
MONTHLY Ij'EATHER REVIEW for November, 1895, and their 
repetition here will not be necessary. The kite is shown in 
Fig. 40, from which the coiistrnction will be understood. 
Numerous niiiior variations were made in the main propor- 
tions, and in the dimensions of the sticks, etc. The main 
object in view a t  that time was to reduce the weight of the 
kite as far as possible without impairing the strength to such 
an exteut that  it would break when severely strained in the 
wind. This was effected by tapering off the sticks and other- 
wise ehaping them so that  the greatest amount of material 
was concentrated a t  the points of the greatest strains. This 
form of kite is exceedingly simple of construction and pos- 
sesses the advantage of being collapsible for convenience of 
storage or transportation. 

One defect that  may be pointed out in  the diamond-cell 
kite consists in the presence of the comparatively sharp an- 
gles between the cloth surfaces where they meet a t  the side 
edges of the kite. The upper surfaces are greatly sheltered 
by the lower surfaces hear these side edges, and we can readily 
perceive that eddies, whose harmful etYects were pointed out 
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in a preceding paragraph, must be present to a serious extent. 
The writer devised and tested during December, 1895, two 
forms of multiplane kites, in  which i t  was sought to avoid 
the objectionable effects of the sharp angles referred to above 
and still secure lightness of construction. Fig. 41 shows the 
first form tried. The result was a failure, so far as flying 
successfully was concerned. The two very sinal1 webs of 
cloth, a a, were the only vertical surfaces introduced, and 
the trial proved that  the kite lacked those steady, stnble qual- 
ities so generally found in kites of the cellular type. It was 
concluded that  good results could be obtained by connecting 
the outer ends of the horizontal sustaining surfaces with 
cloth, so as to form a greater extent of side surfaces ndnpted 
to steady the motions of the kite. 

The second form of kite carried out this idea. It is shown 
in Fig. 43. The only kite made of this kind was unsatisfac- 
tory because the frame work proved to be too light. I ts  flying 
qualities seemed to be as good as those of most of the kites 
tested a t  that time. The side planes are so steeply inclined 
as not to form the sharp angles found in the diamond kite. 

Further experiments with these forms were resumed on 
different and better lines after the studies and experiments 
relating to the strength of the wire, the manner of splicing, 
measuring, reeling it, etc., were made. 

While this work was in progress during the early part of 
December, 1895, a great variety of forms of kites were con- 
sidered by the writer, even though time was not then avnila- 
ble to make up and test them. The more important of these 
forms are shown in Figs. 43 to 46. Bearing in mind the con- 
ditions which ought to  be satisfied by n good kite (p. 162), a 
brief mention of the points of advantage in the several de- 
signs will  be sufficient. 

Fig. 43 represents a Malay kite with an upper or superior 
sustaining surface, (1.  It will also be noticed that the bowed 
cross-stick, C D, is in front of the cloth. The object of this 
is to eliminate the harmful effects pointed out in connection 
with Fig. 39. The presence of the superior sustaining sur- 
face will cause the center of pressure to fall back of the mid- 
rib and thus tend to increase the lateral stability, which may 
be further improved by use of a bridle arranged according to 
the principle to which attention was called in connection 
with Fig. 38. I n  order to steady the kite a vertical web of 
cloth, or dorsal fin may be required. Both these modifica- 
tions are shown in Fig. 44. 

Fig. 45 indicates the application of a relatively weak pro- 
pelling apparatus to  the line beneath the kite. Such a de- 
vice, if not too heavy in proportion to the lift of the kite 
and the thrust of the propeller, will, as shown, cause an angle 
to be formed in the string near the kite, so that  the portion 
below the propeller is much more nearly vertical than the 
portion next the kite. The advantages of this will be more 
fully brought out when we treat later of the properties of 
the catenary or the curve formed by the kite wirk or string. 
The motor is supposed to be operated by energy stored 
within, or by electricity, or possibly the necessary energy 
may be derived directly from the variations in the wind it- 
self. It is well known that the wind constantly varies in 
force. Imagine the propelling arrangement to be driven hy 
a steel spring, it is plain thnt with the aid of suitahle 
mechanical devices every time the force of the wind increased 
the greater teneion on the wire could he mnde to wind up 
the spring more or less. Or, the variations in the wind force 
might be macle to flap wings in some useful manner. If the 
variations in the wind force proved to be inadequate the wire 
a t  the reel might be alternately pulled and slackened so a9 to 
produce considerable variations of tension. These ideas, i t  
is believed, possesses some novelty and possible merit. 

Fig. 46 ehows the original iden from which the kite illns- 
trated in Fig. 42 was evolved. 

~~ 

Mr. H. Chadwick Hunter of Washington, D. C., who inter- 
ested himself in the kite work of the Weather Bureau, and 
who flew kites for his own amusement and outdoor exercise, 
introduced a noteworthy ni ification of the diamond-cell 

half lengthwise, and the triangular segments thus formed 
attached to the sides of a diamond kite, forming the winged 
kite shown in Fig. 47. Considerable additional sustaining 
surface is thus gained, with but a slight increase of weight. 
Several kites of this type were employed in the Weather Bu- 
reau work. I n  some the wing surfaces were made quite large. 
The results, however, were not so satisfactory. Seemingly, 
the best proportions are obtained when the greatest width of 
t.he triangulnr .wing is not more t,han one-half the lougitu- 
dinal dimensions of the kite. A greater width than this will 
mswer well in light ~ i l ~ d ~ ,  but stronger winds are likely to 
disturb the symmetry of the kite as a result of unequal 
stretching of the material. Kites of this form t,ook the 
highest angula,r elevation of any tested a t  that time, but ex- 
perience showed that they could not be fully depended upon 
to  stand as grent extremes of wird force as the kite without 
wings. I think t,here is much merit in t,his kite, and i t  seems 
probable that  by using a heavier and firmer grade of cloth 
for the wing siirfaces, the effects of uneven stretching of the 
cloth will be less serious or of no consequence. Whether the 
corresponding increase of weight would detract seriously 
from the advantage gained by the a.ddition of the wings can 
only be certainly told by experiments. 

It is worth noticing that  the amount of sustaining surface 
in a given kite is a fixed and invariable quantity, notwith- 
standing that the kite is called upon, or a t  least we wish it to 
withstand great extremes of wind force. U p  to the present 
time no attempt nppears to have been mnde to provide ar- 
rangements, autonintic or otherwise, for increasing or short- 
ening sail. Present practice in kite flying is like sending n 
yacht to sea with every sail set and without means for either 
reefing or furling them. The air ship, i t  is true, does not 
carry its sailors aboard, but i t  is not impossible that  it may 
in the future. I n  t,he mean t,ime inventive genius needs to 
provide sone  means by which the sustaining surfaces of n 
kite niny be easily varied without proportionate va,riations of 
weight. One kite may thus be adapted to great extremes of 
wind force, 

I n  the literature of kites we find the uee of flexible'surfaces 
strongly recommended, because, it, is stated, the beuding of the 
surfaces under gusts of wind eases off t.he severity of the 
strain and is otherwise attended with good effect. We have 
in this a means of automatically adjusting the expanse of 
sail to the force of the wind. The iden is good enough, in it.s 
way, but when we examine into the degree of flexibility pro- 
vided and compute the diminution in pressure resulting from 
the maximum possible flexure, i t  will be found that the pro- 
visions ordinarily mnde will prove entirely inadequate and 
that t,he great advantages claimed are largely imaginary. 
The force of the wind at 30 miles per hour is fully nine times 
ns great as a t  10 miles per hour. The supposition that  the 
flexure of a wing surface of a few degrees can.contribute in 
any important degree to compensate for nine-fold variations 
in pressure, is plainly untenable. We shall have occasion 
later to discuss this point to some further ext'ent. 

The winged kite, described above, may easily be constructed 
in such a way that  the wings may be removed or furled, and 
the amount of sustaining surface correspondingly diminished 
when strong winds prevail. This is perhaps a first step in the 
direction of providing n vnrinble expanse of sustaining surfaces. 

Mr. Hunter also devised and constrncted the kite shown in 
Fig. 48. This was very successfully flown early in February, 
1S96. Other forms of kites proved to be superior, however, 
and more desirable in several respects. 

kite. This waB in December,. T! 895. A Malay kite was cut in  
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It is important to notice that  a kite almoet precisely eimilar 
to the winged cyliuder kite of Mr. Hunter was devised by Mr. 
W. H. Hammon, Forecast Official, in charge of the Weather 
Bureau office a t  San Francis 0, Cal. Accounts of the first 
trial of thie kite were publish& in the San Francisco Chron- 
icle of April 2, 1896. 

Fig. 49 is a drawing made from a photograph of this kite. 
Mr. Hammon dispensed with the ordinary bridle as a nieans 
of adjusting the string to the kite and adopted a novel bow- 
sprit arrangement. His device is described in his owii words 
as follows : 

Instead of attaching t,he string to the kite by a bellylmnd, I use a 
stick, the end of which is attached to the backbone of the kite about 
two-thirds of the distance back from the front edge of the first cell and 
then passed diagonally through the cell and out at the bottom of the 
front edge, where it is also fastened and extends about 16 inches down- 
ward in this diagonal direction. The string is then attached to this 
lower end. 

Speaking of securing automatic adjustability to winds of 
different force, he says this is also gained : 
BY attaching the bowsprit to the upper side of the cell only and then 

passing it thmuFh rubber hose attached to the front edge of the lower 
side of the cell instead of to the cell itself. The string is then fastened 
to t.he hose instead of to the bowsprit. The point intended to be gained 
is t,hat the Fell will spread with a high wind, thus narrowing the sur- 
face normal to the wind and diminishing the strain upon the string, 
at the mme time the bowsprit will be drawn further back in the hose, 
thus shortening the distance it extends below the lower edge of the 
kite, which causes the kite to hang more nearly parallel to the wind 
and thus diminishes the strains upon the string. 

A kite of this form has not thus far been tested a t  Wash- 
ington. 

Attention has already been called to the tendency of the 
cloth covering of kites to form waves and to emit a compara- 
tively loud sound caused by the fluttering. The manlier in 
which energy may be wasted in this action has also beeu 
shown. The full significance of this action did not force 
itself upon me, a t  firEt, and many experiments were made 
with kites of various forms, the cloth of which, scarcely with- 
out exception, fluttered more or less a t  all times. 

When the actual work of constructing improved forms of 
kites was resumed after the special investigations upon the 
best arrangement of kite line, reel, etc., were completed, the 
writer had become fully awakened to  the importance and 
harmful effects of waviness, eddies, edge pressures, etc. After 
careful thought in the light of this knowledge, he was fully 
convinced that the simple rectangular cell of the regular 
Hargrave kite is a most excellent form of cross section of the 
cell. The sustaining surfaces are disposed in the position of 
maximum effectiveness, as are also the vertical side surfaces, 
whose special function is to steady the motions of the kite 
and contribute to the lateral stability thereof. The causes 
which can produce eddies are present in  less degree than in 
many of the forms already described. The plan of construc- 
tion practiced by Hargrave and followed by Mr. Potter doee 
not, however, prevent fluttering of the cloth. From these 
considerations, however, I am led to  the belief that the simple 
rectangular cell is already the best, form we have as the basis 
of cellular and multiplane kites. 

To 
solve this problem the writer sought (1)  to lessen the weight 
of the kite without loss of strength; (2) to reduce hariiiful 
edge resistances : (3 )  to suppress waviness and fluttering; 
(4) to lessen and eliminate eddy efl'ects, and, finally, in order 
to increase the pull of the kite, other things remaining the 
same, (5)  to arch the surfaces of the cloth. 

The plan practiced by Hargrave of constructing the frame 
of the rectangular cells is shown in Fig. 50, so far as i t  can 
be made out from the general illustrations published by him 
in American Engineer, April, 1895. The details of the jointe 
in Fig. 50 are due to Mr, Potter, and while the suggested con- 

The problem was, therefore, how to improve this kite. 

~~ 

struction there indicated may be helpful to beginners, the 
point has 110 important bearing on the general plan of the 
frame. The important dimensions of a kite made according 
to this plan are indicated on the drawing. The sustaining 
surface of the kite is 24 square feet. The dimensions of the 
sticks (straight-grained white pine), where important and not 
shown on the drawing, are as follows :' All diagonal struts 
are + inch square, shaved round and notched and cleated on 
the ends. The strnta are firmly lashed together a t  poin t.s of 
crossing. All loiigitiidinal sticks (six in nnniber) are 4 by 3 
inch, edges rounded. The four lateral longitudinal sticks are 
made narrow between cells. These sticlie need not be made 
cont.innous. They were not, so made hy Hargrave. By making 
them coil tinuous and stringing them with a complete system 
oE diagonal ties made of fine, spring, phosphor-bronze wire, 
the frame of t.he kite is bet,ter able to withstand t,wisting and 
distortion. Made in this way the kite will prove to be an 
excellent flyer, and with winds of 12 miles per hour and over 
will be capable of reaching considerable elevations. 

Improz~ed constrrrcf.ion.-A modified constructiou of this form 
of cell is shown in Fig. 51. This, so far asknown to the writer, 
ha,s not been employed or described before. Sufficient details 
are therefore given to enable others to use it,, if desirecl. 

Rectanytcl(w .t'r.cr.?ae.c..-Slender frames, square dovetailed a t  
the corners, as shown in Fig. 53, constitute the basis of the 
cells. The frames are made remarkably strong and rigid 
against forces acting in their ow11 plane by means of the 
diagonal wire ties and the &rut through the middle. The 
sticks for kites of from 24 to 40 square feet of sustaining sur- 
face are of f-inch white pine, or spruce, Q inch wide, slightly 
more or less in proportion to the surface. A11 wire ties are 
of the best phosphor-bronze spring wire, 0.028 of an inch in 
diameter. To insert, the wires so as to insure accuracy in t,he 
form of the frames, strips of wood are nailed to the top of 
the workbench EO as to form a t,rue rectangle, within which 
the slender franie will snugly fit. The end of a wire is passed 
through i n c h e d  holes a t  A. A small fragment of sheet tin 
is placed under the wire to prevent it, from cutting its way 
into the wood when strained. One end of the wire is carried 
around the joint D a n d  twisted in the manner shown. If 
not already done, the frame must now be placed within the 
rectangular form on the workbench. While held in perfect 
shape therein the remaining end of the wire is passed around 
the joint a.t C and secured by twisting while uader consider- 
able tension. The s t rut  A B is generally only temporary. 
Any small stick answers the purpose, a.nd it need not he 
secured within the frame in any way except as it is held by 
friction. The longitudinal truss on midrib of the completed 
kite generally takes the place and serves t.he purpose of the 
strut A B. The frame is completed when the wire E B F is 
inserted and fastened. 

To secure the proper tension on the wires requires a little 
experience. Too much tension may easily be obtained, 
although if the knack of twisting bot,h the wires equally is 
not possessed the joints may slip and the wire become too 
slack. With the right degree of tension the frames warp 
more or less out of true when taken singly. This is corrected 
when the frames are asseinbled. 

In describing the best manner of splicing wire by twisting 
i t  was pointed out that both wires must be twisted a.round a 
c~nin ion  axis. The wire ties in the frame just described 
must he twisted in the same way. It takes but a moment to 
solder the twisted joints, and their strength is very greatly 
increased. The wire is also soldered to the pieces of t i n a t  
A, B. The wires a t  crossings are sonietinies wrapped with 

'To avoid repetition here, the reader is referred to the MONTHLY 
WEATHER REVIEW for November, 1895, for minute details concerning 
the construction and joining of the framework. 



MAY, 1896. MONTHLY WEATHER REVIEW. 165 

finer wire a.nd soldered; often, however, they are simply tied 
with fine strong waxed twine or thread. 

The next member of the frame work is the piece eniployed 
to join the frames with each other a t  the corners. Fig. 53 
shows the form of the stick and tlie tin angle pieces a t  t,he 
ends. The stick, originally inch sqiiare, is shaved down 
tapering a,nd parallel to the diagonal to about 4 inch a t  the 
ends. The t.in angle pieces i r e  secared bo t,he ends of the 
stick by lashing with No. 32 gilling thread thoroughly waxed. 

The cell.-The inmner  of connecting the frames with each 
other is shown in Fig. 54. Two connected frames constitnte 
the cell, niinus the covering. ThiR is siniply a long hand of 
cambric, generally 3 ya.rd wide. After the strip of cloth hn.s 
been torn to width and hemmecl, the lengt,h is ascert,nined by 
stretching the edge around one of t,he fraines, niarking oft', 
with pencil, where the stitching is to come. The opposite 
edge of tlie band is stret,ched aroulld the frame in a similar 
manner and marked. The ends of the cloth are laid out 
smooth and pencil lines drawn across from the marks a t  the 
edges. These lines are overlapped and matched exactly. The 
cloth is then stitched on t.he mark aucl the seain finished a6 
siiits the taste of the q ~ e r a t o r .  This mrthod gives a cloth 
covering that  fibs perfectly. The tightness with which the 
cloth f i ts  may be varied to suit circunista~nces. The cloth 
need not in any c.ase be very t,ight. 

The coniplete frame of the cell may be put together and 
t,he cloth slipped over afterwards. This requires sonie care 
to avoid pulling the cloth awry. I prefer to set up two of 
the frames 0 1 1  edge and connect them a t  the angles by nieane 
of the connectors shown in Fig. 53, three of which me simply 
h i d  in place between the frames with the band of clobh 
loosely on the outside. When the fourth is put in place the 
clobh comes under tension and all the parts hold together 
with sonie security. The corners may then be lashed to- 
gether, as shown in Fig.,54. The edges of the cloth are se- 
cared to the cell by tacking it to t.he frames at intervala of 
several inches. I prefer, however, to secure i t  by eewing 
through the hem of the cloth and around the sticks of the 
frames. Stitches between one and two inches apart are sufli- 
cient. Fine bookbinders twine ie generally employed for thic 
purpose. Fully two square feet of sustaining surface i E  
gained in a kite of thirty-two square feet, by this method oi 
sewing, a8 i t  is iiot necessary to make the cloth overlap the 
frames. 

Lonyiksliwccl bn~.-Two cells joined by some sort of Iongi. 
tudinal truss make tlie coniplete kite. Several methods oi 
trussing the cells together have beeli tried, but thus far, 1 
think the strongest, inost rigid and a t  the same time sufi. 
ciently light truss has iiot been developed. In the first kitt 
made according to the new construction, the cells were con. 
nected a t  their four corners by adifferent plan than described 
above. Four long connecting pleces extending the full lengtt 
of the kite were employecl, and in another ease two strong 
trusses similar to one shown in Fig. 55 were placed, one at 
either side of the kite. Either of the above plans of con. 
necting the cells forms a very rigid and strong kite framt 
when reinforced with diagonal ties of wire. The principal o b  
ject,ion t,o the arrangement of trusses just described is the f ad  
that  no good place results a t  which the bridle can be attached 
Either an additional piece or supplementary truss must bt 
placed in the central or median plane of the kite to which o 
simple bridle niay be attached, or, in the absence of such a 
piece, a more complicated bridleninst be rigged to draw from 
the lateral lower edges or corners of the cells. The first plan 
requires the addition of weight that  ought not he necessary 
The bridle of the second plan when under tension produces 
heavy compressive strains upon the frames of the cells, in- 
creasing the load these frames already carry as a result of t.hc 
dire& mind pressure upon the cloth. Neither plan is there- 

fore quite satisfactory. The manner of joining the cells, illus- 
lustrated in Fig. 51, was subsequently adopted and found 
more satisfactory. 

The first kite made with a truss of this form is shown in 
Fig. 56. The slender, diagonal side braces (L a and b b ,  Fig. 
51, had not, n t  that time been introduced. Without theni the 
kite lacks rigidity against forces acting a t  right angles to the 
plane of the truss. No difficulty on this account ever occurred 
with the kite shown in Fig. 56, which' has seen a great deal of 
service, but tlie djagonal side braces are considered an im- 
provement in most cnses. Furthermote, in flying these kites 
in tandem mishaps caused by the main wire getting caught 
bcttoce)i tlie cells of the kite are prevented when the cells are 
xnnected with each other a t  their lateral edges. Very slender 
ooiinectors are adequate both to stiffen the frame and to keep 
thil wire frum bet~-een the cells. 

ddrcciatnyr~ of c~o/istrtcctio,i.-The distinctive feature in the 
nbove described construction of the cells lies iu the fact that 
the cloth is bound with wood a t  all edgee. Being thereby 
made perfectly firm and rigid, it is found the cloth exhibits 
no tendency whatever to flutter or hreak up  intowaves. The 
kite flies in perfect silence, save a slight whistling of the wind 
over the wire ties. It is believed there is another important 
advantage in t l i i ~  construction, namely : a slender vertical 
strut, a t  d B, t inch thick, is the only obstruction to the free 
flow of the air through the interior of the cel1,escept the fine, 
diagonal tie wires. Referring to the Hargrave conetriiction, 
shown in Fig. 50, i t  may seem, a t  first thought, that the 
slender diagonal struts employed can have but  very little 
harmful influence. When we remember, hon ever, the effects 
of eddies and observe that the struts themselves and especially 
the relatively bulky knobs a t  the endg, where they thrust 
against the longituclinal members of the frame inside the cell, 
as also where they cross, are all fruitful causes of eddies, we 
are forced to the conviction that their elimination can not fail 
to prove highly beneficial. I n  the improved construction de- 
scribed, the niinimuni obstruction is offered to the easy flow 
of the air over all the surfaces axid through the cells of the 
kite. I n  the old construction the edges of the cloth are thin 
and perhaps form a sharper cutting edge than the $-inch 
rounded wooden frames with which the cloth is edged in the 
improved construction. I am inclined to think, honrever, 
that  the thin edge of the cloth has only seemingly the ad- 
vantage here. The contrast and comparison must be drawn 
between the thin, pliable, possibly loose and fluttering edge 
of cloth and tlie smooth, rigid, slightly thicker wooden edge. 
I am strongly convinced that  the actual edge pressure upon 
the wood with even the bluntly rounded edges I have em- 
ployed is but a trifle if any greater than upon the thin edges 
of cloth, as ordinarily found, and which is loosened up con- 
siderably in a very few minutes when exposed to the wind, 
even when originally made very taut. 

The superiority of the new coristruction as brought out by 
the above analytical considerations is abunnantly sustained 
by the results of exact observations and measurements. 
These will be presented in a later section of this article. 

The principal objection I entertain to the construction 
which has been described is the weight ' of the frame which, 
thus far, has been found to he some 20 per cent heavier than 
frames of similar size of the Potter-Hargrave construction. 
Eveu though I~rtlldicapped by this greater weight, tlie per- 
foriiiapce of the kite, ON ing to the advantages already pointed 
out, surpnsses in excellence that of any kite yet tested. Ou 
account of weight, however, the kite is not well adapted to 
work in light winds. 

HOK furrhcr improvt d.-When the he8t general proportions 

The truss itself is shown in Fig. 55. 

The weight of the beat and strongest kite thus far made is about 
1 . 9  otlnces per square foot of sustaining surface. 



166 MONTHLY WEATHER REVIEW. MAY, 1896 

of a given kite have been fully brought out  as  a result of 
exact and systematic measurements upon the behavior of the 
kite, it is my purpose to critically analyze the strains upon 
every member of the kite frame, and proportion the strength 
of each member to the strain i t  must bear. The whole struc- 
ture of the kite is a system of connected trusses, the strains 
upon the several parts of which may be easily determined by 
the methods so commonly employed in the construction of 
bridges and similar framed structures. This method of an- 
alysis can not fail to result in an iiicreae of strength and 
decrease of weight, as all material will be employed to the 
best advantage. 

The longitudinal truss, mfde to the dimentionv indicnted 
on the drawings, has, in some cases, proved too weak. At 
the present stage of the investigations considerable atteii tion 
has been given to finding the best proportions for the dis- 
tances between the cells and between the surfaces of a single 
cell, also, the proper width of the cloth bands. Much valua- 
ble observational data has been obtained, but further infor- 
mation is needed before a definite conclusion can be stated. 
When the best length for the longitudinal truss of a given 
kite is definitely known, I think i t  will be an easy matter to 
greatly improve the construction of the truss so as to secure 
adequate strength with the minimum weight. Thus fnr the 
st,icks of the rectangular frames have been made of the same 
size throughout, notwithstanding that  i t  is plain not only 
that some frames on a given kite are under greater strain 
than others, but that different parts of the same frame re- 
ceive very different strains. 

General remarke on  constructio~~s.-It may be added here that  
the improved construction while in fact very simple to a per- 
son with a few tools and gifted with real mechanical dex- 
terity, does not claim to be of such a degree of simplicity 
that anybody can practice it. The novice with hammer and 
vise may be puzzled, for example, to neatly form the tin 
angle pieces shown in Fig. 53. Stringing the wire ties in the 
frame, just as they should be, may also prove perplexing. 
These operations take some time and require some skill, but 
when a cell is completed you have something that  can stand 
the wind. The cloth is not going to work loose and give 

- 

trouble after the kite has been flying an hour or two in a 
stiff breeze, neither will the symmetry of the cell be im- 
paired. The original construction of such a kite requires a 
little more time than other forms, but i t  retains its efficiency 
and symmetry a longer tinie in the end, and, because of this 
latter quality is less likely to distort and smash itself in a 
precipitate dash to the earth. . 

Aside from all these comments on the simplicity of con- 
struction, the object of paramount importance ever in the 
mind of the writer has been to secure the maximum attain# 
able efficiency in the action of a given kite. Othe'r things 
have been subordinate to this. The old-fashioned slide-valve 
steam engine, with fixed cut-off for example, is a marvel of 
simplicity compared with the complex, intricate, quadruple 
expansion engines of modern type, with balnnced valves and 
automatic cut-off gear. What is the excuse for this compli- 
cation?*fficiency. The improved engine will do twice the 
work, i t  may be, per pound of coal and barrel of wnter con- 
sumed. Just  so with kites. One or two efficient kites, a mod- 
erate length of wire under an easy and safe-working tension, 
are all that  are required to reach great elevations in fair winds. 
With kites of less efficiency to reach the same elevation, more 
kites, more wire, and far greater strains are neceesary, increas- 
ing greatly both the danger of breaking the wire and the labor 
of winding i t  in. The incentive to fly kites to great elevations 
and thus excel1 all previous records is naturally very great. 
To do so 011 the principle that  any kite is good enough so 
long as the result is attained, may be justifiable in the minds 
of some, but is hardly scientific. The writer believes that 
when kites nf the maximum attainable efficiency are pro- 
duced, and of which the strength and weight of the several 
members are duly and intelligently proportioned to the 
strains they must bear, just as is done in great bridges, only 
with far greater nicety, because with kites the factor of safety 
must everywhere be much smaller than with bridges-when 
these things are done, flights to astonishing elevations will 
follow easily of themselves and fewer reports will be read of 
kites breaking away with great loss of labor, wire, etc. 

[To be continued in June REVIEW.] 

NOTES BY THE EDITOR. 

LONG-RANGE FORECASTS. 

On the morning weather map of June 13, as published Isy 
the Weather Bureau a t  Portland, Oreg., Mr. B. S. Pague, the 
local forecast official, calls attention to the fact that  this map 
shows the first appearance in 1896 of the so-called type of 
summer weather conditions. 

I n  1895 this summer type ap eared on April 20, and the first winter 
type following that appeareg on November 12. Winter weather, 
namely, rain conditions, have continued from November 12, 1895, to 
June 12, 1896. There are two well-defined types of weather on the 
Pacific Coast, and these have some fourteen modifications. The pri- 
mary t pes are, first, the low area moving southward from Alaska 
along t i e  coast line to the fiftieth degree of north latitude, sometimes 
lower, then passing eastward; at  the same time the high ressure is 
off theCalifornia coast, and it finally moves eastward about t i e  fortieth 
degree of north latitude. These conditions are peculiar to the winter 
season and give rain. The second type is represented by the low areas 
passing eastward about the latitude of Sitka, Alaska, and then moving 
southeastward on the eastern slope of the Rocky Mountains toward 
the Great Lakes, the high pressures moving from and along the Cali- 
fornia coast northward along the coast line to the fiftieth degree of 
north latitude, thence eastward. These conditions give fair and warmer 
weather. 

The latter type is present for the first time this morning, for this 
year, and ex erience has shown that after the first appearance of the 
summer conxition the weather is more likely to be fair than rainy. 
It is not to be understood that absolute dryness is now anticipsted, 

Mr. Pague says : 

but rather that sunshine will predominate and the showers will be 
few. 

The high pessure will move eastward over British Colunibia and 
give fair weather and warmer on Sunday; Monday will be fair, and 
Tuesday promises to be fair and cooler, possibly some s rinkles of rain 
over western Washington and northwestern Oregon; &ednesday and 
Thursday should then be fair and warmer. Summer weather types 
produce weather such as is above outlined. 

FROSTS IN CALIFORNIA. 
Under date of May 5 Prof. E. W. Hilgard, President. o f  the 

University of California and Director of the Agricultural Ex- 
periment Station a t  Berkeley, Cal., writes as follows: 

The weather conditions in this State have been this pear so extra- 
orclinary that meteorological observations and forecasts are more than 
ever called for, ani1 are popularly demanded. Our ex erience with 
two of our stations this year has been ti sore one, a n i  will most ae- 
rioudy retard the settlement and modify agricultural practice in the 
districts concerned. At one station we find it necessar to completely 
remodel the varieties in our experimental orchard, azout 50 per cent 
having proved useless for any practical urpose on account of their 
sensitiveness to even light frost, and the fow temperatures of the sum- 
mer nights; this at  an elevation of only 1,400 feet, and in a locality 
where wholly unexpected. We are now actually carrying Russian ap- 
ples and other hardy fruits as far south as the latitude of San Luis 
Obispo, as the only reasonable hope of the fruit industry in that region. 
I n  the great valley of California, too, the havoc wrought by the frost 
has been exceedingly heavy, and localized in the most puzzling man- 
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